Despite growing prevalence of ovarian cancer (OC) in Pakistan, no literature evidence exists regarding its clinic--pathological characteristics, survival and compliance of patients with recurrent ovarian cancer on various chemo--protocols. An observational study was conducted by enrolling 251 recurrent OC patients on 7 different chemo--protocols, from a specialized cancer care hospital, Lahore, Pakistan, using convenient judgmental sampling. The study was conducted for a period of 6 months. Most of the patients were between 18 and 70 years of age, with IIIC FIGO stage and papillary serous histological grade. As per RECIST, improved partial response (PR) (63.3 %) and complete response (CR) (52.1 %) was observed in the CP (carboplatin + paclitaxel) arm, substantiated by improved median progression free survival (PFS) and overall survival (OS) in CP and CD (carboplatin + docetaxel) arms, respectively, yet with no significant differences in survival curves, PFS (p = 0.12) and OS (p = 0.22). Interestingly, the highest and the lowest patient non-compliance were observed in CG (carboplatin + gemcitabine) (81.6 %) and paclitaxel (4.5 %) arms, resp. As per the hazard model for survival, topotecan showed significant association with the therapy related events/deaths compared to other protocols. These data suggest that CP regimen exhibited improved clinical efficacy and decreased toxicity related non-compliance in recurrent ovarian cancer patients of Lahore.
40, is predominantly diagnosed in elderly postmenopausal women above 50 years of age (3) . In routine clinical practice, OC diagnosis is made incidentally during the work-up of another clinical condition, while symptoms remain poorly defined with no definite indices to screen the asymptomatic women; however, if confined to ovaries, it is highly curable with improved five-year survival (4) . Most patients are referred to the clinics with an advanced stage of disease -FIGO (International Federation of Gynecological Oncology) stage III and IV, requiring aggressive surgery and chemotherapy (5) .
Over the last several years, carboplatin plus platinum based regimen has been the standard first line chemotherapy in ovarian cancer. However, despite 60-80 % response rate with carboplatin and paclitaxel, the majority of patients subsequently relapse and need further clinical management (3, 6) . In this context, in previous years, numerous trials (GOG182, ICON5) have been conducted to add a third drug to the chemotherapeutic regimen in an attempt to increase overall survival (OS) (7) . However, despite an increase in the number of therapies, the clinical judgment about treatment choices in recurrent cases has become even more complex. In this regard, the results of clinical trials and observational studies are becoming increasingly important in clinical decision making on managing the advanced stage disease.
Clinical management of ovarian cancer, just like other malignancies, has evolved from a single agent to a combination therapy. A number of studies have been conducted to compare several available chemotherapeutic options in an attempt to find an appropriate chemotherapeutic option for patients with recurrent disease (8, 9) . Among the South Asian countries, ovarian cancer is reported to be higher in Pakistan (10, 11) and is the third most common malignancy in Pakistani women (12) . Very few studies, prospective or observational, evaluated and compared clinical responses of seven available chemotherapeutic regimens used in the treatment of recurrent ovarian cancer patients. The present study is the first report that has compared the clinic-pathological characteristics, clinical responses, therapy compliance and toxicity of several chemo-therapeutic agents in recurrent ovarian cancer patients of Lahore, Pakistan.
EXPERIMENTAL

Ethical approval
The study was duly approved by the Ethical Committee of Clinical Research, University College of Pharmacy, University of the Punjab, Lahore, Pakistan, and the Hospital Committee of Ethics on Human Research of the Shaukat Khanum Memorial Cancer Hospital & Research Center, Lahore, Pakistan.
Study design and population
The observational study was designed by enrolling a total of 251 recurrent ovarian cancer patients from Lahore, Pakistan. The study period was six months, from August 2015 to January 2016, in a specialized cancer care hospital. Convenient judgmental sampling was used to enroll patients to avoid missing data. Data was retrieved from the hospital information system (HIS). Study sample size was 181, calculation based on ovarian cancer prevalence in Pakistan, i.e., 13.6 % (13) using 95 % confidence interval and 5 % margin of error. However, more patients were enrolled for improved reliability and statistical power. Enrolled OC patients were segregated into 7 chemo-arms, i.e., paclitaxel (PTX), topotecan (TOPO), carboplatin + liposomal doxorubicin (CLD), carboplatin + gemcitabine (CG), carboplatin + paclitaxel (CP), carboplatin + docetaxel (CD), carboplatin + gemcitabine + bevacizumab (CGB).
All ovarian cancer patients with conformed diagnosis as per the International Federation of Gynecology and Obstetrics (FIGO) staging system (Table SI) and conforming inclusion/exclusion criteria were included in the study.
Inclusion criteria. -All recurrent OC patients, above 18 years of age, irrespective of religion, race and ethnicity, disease stage, with normal hepatic and renal functions, who had given consent for their participation in research studies were included in the study.
Exclusion criteria. -Women below 18 years of age having compromised renal and hepatic functions, incomplete chemotherapy cycles and who failed to provide informed consent were excluded from the study.
Data collection
A data collection form was designed to fulfill all the necessary objectives of the study. Clinical data included patients' basic demographics, histology subtype and FIGO staging, details of chemotherapeutic protocols, patient non-compliance due to interruptions or toxicity, therapy responses and relevant laboratory findings. All treatment plans, dose, frequency and cycles, are summarized in supplementary materials (Table SI) .
Outcome measures
Primary end points of the study were progression-free survival (PFS) and rate of overall survival (OS) (14) . Clinical response was evaluated both by the tumor marker CA-125 levels and radiological examination using new response evaluation criteria in solid tumor (RECIST) guidelines (supplementary material, Table SII) (15) . Laboratory values were assessed at a baseline and after every chemotherapy cycle. Adverse events were graded according to the NCI common terminology criteria for adverse events (NCI-CTCAE), version 3.0 (16). Patient compliance was assessed by treatment interruptions and delays due to disease progression, death and toxicity.
Data analysis
All statistical analyses were performed using Graphpad (Prism5) and SPSS (IBM, version 21). PFS and OS curves were estimated by the Kaplan-Meier method and compared using a log-rank test (17) . Frequency of untoward events/deaths during chemotherapy was determined by the Cox proportional hazard model for PFS and OS (18) . Laboratory mean values in all the chemotherapy protocols were compared by the analysis of variance (ANO-VA). p-value of 0.05 or less was considered statistically significant.
RESULTS AND DISCUSSION
Clinical characteristics of OC patients are summarized in Table I . The median age ranged from 48.5-55 years in all therapeutic arms (Table I) . Surprisingly, compared to our findings of the early age (median 48 years) reporting of recurrent OC in women of Lahore, Pakistan, the reporting age of women was usually above 55 years in Europe and US (18, 19) . It is also plausible that young women of Lahore, Pakistan, are exposed to specific or increased risks earlier in their life for an unascertained period of time of known or unknown origin. Irrespective of chemo-protocols, stage IIIC was the most frequently reported FIGO stage with the following frequency distribution within the respective arms, i.e., paclitaxel (PTX): 64.2 %, topotecan (TOPO): 42.4 %, carboplatin + liposomal doxorubicin (CLD): 42.8 %, carboplatin + gemcitabine (CG): 66.6 %, carboplatin + paclitaxel (CP): 52.2 %, carboplatin + docetaxel (CD): 53.3 % and carboplatin + gemcitabine + bivacizumab (CGB): 60.3 %, followed by stage IV (Table I) . Likewise, papillary serous was the most common histological stage (PTX: 27.2 %, TOPO: 39.3 %, CLD: 24.0 %, CG: 16.6 %, CP: 16.7 %, CD: 13.3 % and CGB: 30.0 %), followed by poorly differentiated histology ( Table I ). The above mentioned findings corroborate many other reports (20, 21) , suggesting that irrespective of ethnicity and geographical region, ovarian cancer clinical presentations exhibit minimal differences.
Lately, with the introduction of paclitaxel (21), carboplatin plus paclitaxel has become the standard combination therapy in advanced and recurrent ovarian cancer (platinum sensitive) (22, 23) . In a systematic review, Fung-Kee-Fung et al. (24) found that in five out of thirteen trials almost all patients were platinum sensitive and re-treatment with platinum based combination significantly improved PFS and OS. Combination of a platinum based drug with either paclitaxel or gemcitabine has been shown to improve the response rate in (5) 32 (97) 1 (3) 20 (95) 1 (5) 57 (95) 3 (5) 78 (87) 12 (13) 14 (93) 1 (7) 10 (100) 0 (0) 
Clear cell 2 (9) 3 (9) 1 (5) 4 (7) 6 (7) 0 0
FIGO -International Federation of Gynecology and Obstetrics patients with recurrent ovarian cancer (9, 22) . In our study, clinical response to chemotherapy protocols was assessed according to RECIST (supplementary material, Table SII ). After the 3 rd cycle, partial response (PR) was observed in 62 % patients belonging to CP and CGB arms while it was ~50 % in paclitaxel, CLD and CG arms (Table II) . After the 3 rd cycle, stable disease (SD) frequency was observed in 40 % patients in CD, 28.5 % in CLD and 22.7 % in the paclitaxel arm. After the 6 th cycle, CR frequency improved slightly in all the treatment arms -more markedly in the CP (52 %) arm, but with reduced PR (Table II) . Progressive disease (PD) frequency increased markedly in paclitaxel (27 %), topotecan (57 %), CLD (23.8 %) and CG (31.7 %) arms (Table II) . More recently, the CD combination has been employed in platinum sensitive recurrent ovarian cancer with the overall response rate of 70 %, CR of 28 % and median PFS of 12.4 months (25) -complemented by another report with CR of 38 % employing CD regimen (26) , but with hematological toxicities, i.e., neutropenia. In our data, after the 6 th cycle, compared to the CP arm (CR, 52 %), the CD arm demonstrated CR in 20 % of patients, but also with higher hematological toxicities. Similarly to our findings with 52 % complete response (CR) in the CP arm, Gibson et al. (27) found CR of 40-60 % in patients on CP regimen. As shown in Fig. 1 , no significant differences were observed between patients' survival PFS (log-rank test, p = 0.12) and OS (log-rank test, p = 0.22) on various chemo-protocols (Fig. 1) . The highest median progression-free survival (PFS) was observed in the CP arm (15 months) followed by CGB (13 months), CD (11.5 months), CLD (9 months), CG (8 months), PTX (7.5 months) and TOPO (5 months) arms. Nevertheless, the median overall survival was highest in the CD arm (21 months) and lowest in the CG arm (8 months). Similarly to our findings, the ICON4/OVAR2.2 trial demonstrated that addition of paclitaxel to carboplatin extended the PFS and OS in ovarian cancer patients (28) . However, when we compared PFS and OS in CP and CG arms, no significant differences were observed; yet, the maximum non-compliance frequency was observed in the CG (81.6 %) arm, presumably due to grade 1-3 hematological toxicities. Likewise, the AGO-OVAR-led intergroup trial in recurrent ovarian cancer patients compared CG with CP regimens, demonstrating similar PFS with no improvement in OS, but with treatment delays that were attributed to myelo-suppression (29) . Other studies reported that CLD was as efficacious as CP (20, 30) ; however, in the MITO-2 trial, despite no improvements in PFS and OS, pegylated liposomal doxorubicin (PLD) plus carboplatin was suggested as an alternative first line chemo regimen comparable to the CP regimen (19) taking into account the toxicity profiles and observed confidence intervals. Cause of treatment interruption (n, %)
Progression/ death 3 (14) 14 (42) 3 (14) 10 (16) Percent of non-compliance was estimated based on toxicity delays in each cycle and any other reason of interruption (not reporting to clinic) in treatment without taking into account reported death.
As for therapy compliance, the proportion of treatment delays due to disease progression/deaths was highest in topotecan (42.4 %), while due to toxicity, it was highest in the carboplatin + gemcitabine arm (61.6 %) (Table III) . In the combination regimen, the highest treatment non-compliance was observed in the carboplatin + gemcitabine arm (81.6 %), while the CP arm exhibited the lowest non-compliance frequency (32.2 %) (Table III) . Thus, we observed better compliance in mono therapy (paclitaxel: 4.54 %, topotecan: 24.2 %) compared to combination therapy; nevertheless, no single therapy (topotecan or paclitaxel) exhibited clinical edge over the combination therapy, but there were subtle differences in treatment-related adverse events. However, toxicity with topotecan is subject to several factors, such as dose schedule adjustments based on the patient's prior treatment, radiation therapy, extent of cumulative myelo-suppression with prior agents (31) . More recently, bevacizumab has been used in combination with other chemotherapeutic agents in recurrent ovarian cancer (32) with improved tolerability and encouraging efficacy. In the OCEANS trial, PFS was improved in the CGB arm compared to CG arm with high grade hypertension in the bevacizumab arm, duly supported by our findings of grade 2 hypertension in 30 % subjects belonging to the CGB arm (17) .
In the multivariate analysis for PFS and OS, only topotecan was significantly associated with higher rate of events [for PFS: Cox proportional hazard ratio (HR) was 20.22, confidence interval (CI) 2.16-188.94, p = 0.008, for OS: HR was 3.83; CI 1.804-8.119, p = 0.0005) (Table IV) ]. Notably, significant differences were observed in laboratory values among Table SIV) .
CONCLUSIONS
In conclusion, our data suggest that CP chemo-protocol demonstrated better median PFS and OS in recurrent ovarian cancer patients, yet statistically non-significant, along with maximum partial and complete responses after the 3 rd and 6 th cycles, resp. In the combination regimen, CP was associated with the lowest non-compliance, while the highest non-compliance was observed in the CG arm. However, the CP arm was associated with considerable hematological and abdominal adverse effects in addition to peripheral neuropathy and fatigue. Topotecan was associated with significantly higher propensity of having therapy related events/deaths. At least a 20 % increase in the sum of diameters of target lesions, taking as reference the smallest sum on study. In addition to the relative increase of 20 %, the sum must also demonstrate an absolute increase of at least 5 mm. The appearance of one or more lesions is also considered progression. 
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